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S. Ogawa 1) He was very much interested in the methodological approach based on his philosophy--the dialectic materialism with which he had been baptized in his high school days. 1 > He frequently referred to Taketani's three-stage theory of epistemology which claims that our recognition proceeds through the phenomenological, substantialistic and essentialistic stages. He emphasized that the methodology is the compass 2 > when one would enter the jungle of research.
Sakata was much concerned with making clear the status of research progress and regarded the substantialistic stage as an important step. He wrote in 1946 "we consider it an important work to set things in order within the phenomenological and substantialistic stages prior to passing on to the essentialistic stage". 3 > In fact his work shows such intention, especially in the introduction of new entities and in model building, including the correlated works with Yukawa's meson theory, which can be seen in Table I (see end of article). 2) I would like to point out another feature of Sakata's research activities. He had a special concern with the organization of the study groups so as to accomodate the situation of research development. Around 1950 he formed three study groups in his laboratory, that is, those of phenomenological study, of substantialistic approach to the fundamental (divergence) problem of field theory and of the radical (non-local) approach to the field theory.
I belonged to the 1st group. In the year of my graduation, the decay of negative cosmic ray mesons in light materials was observed by Italian physicists. I calculated the decay and capture probabilities by reference to the paper by Sakata and Inoue, 5 > and readjusted the values of coupling constants to fit experiments, with some modification of the model. This work was published by Inoue and Ogawa. 6 > At that time, however, Sakata's main interest seems to have been concentrated on the work of the 2nd group, which he himself joined. He intended to overcome the fundamental (divergence) difficulty by the introduction of a cohesive (C-) meson field 7 > and then of many kinds of fields. 8 > He regarded his approach as "substantialistic" or "concrete" in comparison with the "abstract" approach of Tomonaga's renormalization.9> He often wrote on the epistemological intention of his approach in journals of popular science. 3) What deeply impressed me was Sakata's keen interest in the real existence of the C-meson. His students including myself appreciated the function of the C-meson to eliminate the divergence but were rather sceptical about its real existence. But the C-meson did really exist for him! Yukawa also spoke of Sakata's tendency to realism in a memorial talk about Sakata. 10 > Sakata suggested to me to find ways to see if the C-meson could be observed in cosmic ray phenomena, and I engaged in a lengthy calculation of C-meson bremsstrahlung by a cosmic ray meson.ll) § 3. Advent of Sakata's model
In his memorial talk of Sakata/ 2 > Yukawa told us that the origin of Sakata's advocasy of the composite model for the hadron may be traced back to the time of Yukawa's meson theory. The point is as follows: In the original paper by Yukawa, the .8-decay of the nucleus is mediated by the 7r meson, which decays directly into an electron and a neutrino. Sakata modified the decay scheme of the 1r-meson, by restoring Fermi's picture of ,8-decay. This work was Sakata's doctoral thesis/ 3 > in which the 1r-meson decay was written as:
This idea was already applied to the r-decay of the neutral 1r-meson, such as: in collaboration with Tanikawa. 14 > Through these works Sakata might have got the idea that a 1r-meson is mainly in the dissolved state as a nucleon-antinucleon pair, because of its strong interaction. So it was readily understandable that FermiYang's work immediately attracted his attention.
In fact, Sakata wrote an article (date 1949 Dec. 10) which commemorated the award of the Nobel Prize to Yukawa, and there he noted that the elementary particle in true sense might exist among those many elementary particles which have been observed at that time and referred to Fermi-Yang's paper of the composite 1r-meson. 15 > Takasu, a student of Sakata's who graduated in 1950, was suggested to work with F-Y's paper as·a graduation study topic.
Entering the 1950's we were informed on many reports about new particles, while the success of the C-meson theory was found to hold only in the 2nd order perturbation calculation but to be lost in the higher order calculation. Sakata's interest seems to have shifted to searching for the next step of the study. At the symposium held in 1953,1 6 > he proposed the following study program: The formal classification should first be investigated for various types of interactions observed at that time, together with the phenomenological regularities among them; and then we should proceed to make clear the background causes of them. As to the former he referred to the work of Umezawa and Kamefuchi which classified the interactions into the 1st (renormalizable) and the 2nd (unrenormalizable) kind.l7) The works of Nishijima (NakanoNishijima-Gell-Mann rule) and of Oneda (universality of weak interaction) are referred to as the latter example of research. But Sakata did not publish any specific piece of research during this year, when the first international conference was held in Japan after the World War II.
Invited by M9)ller, Sakata stayed at the Niels Bohr Institute from April to November in 1954. During his stay in Denmark, Sho Tanaka --one of Sakata's students--began the study of the relativistic two body problem in terms of Fermi-Yang's composite model, and then tried to understand the strange particle as a certain excited state of the nucleon-antinucleon composite system. This was the state of research in Sakata's laboratory just prior to my departure from Nagoya.
S. Tanaka wrote on the circumstances at that time as follows. 18 l It was planned to have a large scale study meeting running from November to December, 1955 at the Research Institute for Fundamental Physics. Sakata was responsible for its organization, and he held a meeting of his laboratory toward the end of September for the preparation. Tanaka reported on his attempts, especially, the difficulty of understanding the strange particle as an excited state within the framework of F-Y's model. The heated discussions upon Tanaka's report lasted until late at night and concluded*) that a certain element carrying strangeness must be introduced to maintain the Nakano-Nishijima-Gell-Mann rule. The next morning Sakata brought up his idea of the composite model taking A as a constituent as well as the proton and the neutron, and wrote down the compositions of the new particles on the black-board. He reported the model at the Annual Meeting of the Physical Society of Japan in October, 1955 as a post dead-line paper.
As has already been noted, Sakata was much concerned with the evaluation of each piece of research basing it on his methodological viewpoint. The following was his view at that time which he gave at a symposium held in March, 1956. 19 ) "Next, I would like to say my opinion about at what stage the present theory of elementary particles is, although I had already mentioned it at the previous meeting. It may be possible to consider a way of correspondence, that if the present field theory were regarded as the Newtonian mechanics, the quantum electrodynamics would correspond to Bohr's theory of hydrogen atom and the theory of mesons or new particles to the theory of helium. In fact, until a recent date, I had thought in such a way. Namely, the fundamental postulates in Bohr's theory had not been prove by Newtonian mechanics or, rather, were in conflict with it; in quantum electrodynamics, on the other hand, the method of renormalization or of regulator may be considered to correspond with Bohr's postulates. By these prescriptions, however, the problems of mesons and new particles can no longer be dealt with, and it becomes necessary to introduce, for example, a cutoff prescription besides the renormalization. Thus, a new revolution in physics would be inevitable, just as switching over from the Newtonian mechanics to the quantum mechanics. The revolution of Newtonian mechanics was caused by the discovery of Planck's constant h, and another revolution in our problems may be brought about by the possible existence of the universal length l; such a conviction seems to be prevailing rather widely, and this is the attitude to attack the problems by changing the physical laws themselves.
In contrast to this, I would like to suggest that a different point of view might be possible; that is, I prefer to consider that the present field theory should correspond not to the Newtonian mechanics but to the quantum mechanics--the non-relativistic quantum mechanics --, and that the successes of the quantum electrodynamics should be compared with the brilliant results obtained by the quantum mechanics for atoms and molecules, which are related to the outer region of atomic nuclei; the problems of mesons and new particles should then correspond to those of the atomic nuclei themselves. On the problems of atomic nuclei some physicists were very pessimistic, in those days, about twenty-five year ago, in that the problems would be out of the limit of applicability of the quantum mechanics. By the discovery of the neutron, however, the problems were successfully solved, and we had been able to take one more step in understanding of nature. Thus, in the development of physical theories, we can recognize two aspects, the alteration of fundamental laws and the reformation of models of objects. As for the alternative of changing laws or model at the present time, we should not expect the immediate change of physical laws. Rather, on the basis of the Nakano-Nishijima-Gell-Mann rule, the date on new particles analyzed by many people and the results so far obtained on mesons, we should reform, first of all, the present model, in which so many particles of various species are all regarded as being on the same level and are treated as mass points. Needless to say, such a revolution cannot arrive at the final understanding of nature at one time, and therefore it must be carried out through many steps and may be continued rather indefinitely. On this point, I have been for many years discussing with Professor Yukawa around our somewhat different views, and it would be a defect of Heisenberg's philosophy--I think--that he criticizes all other views proposed so far, thereby placing himself on a pedestal as if his theory were final, just as Hegel had done in his philosophy." Then, he referred to his composite model.
The comparison of the introduction of A to that of the neutron in nuclear physics was also emphasized in his lecture at the meeting of the Department of Physics, Nagoya University in December, 1955. Matumoto who was in the graduate course got a profound impression from Sakata's lecture and initiated a search for the mass formula of hadronic particles which corresponds to Weizsiicher's formula of nuclei. "This was a very exciting time for Matumoto and he spent several days after Christmas working on his ideas. He suceeded in finding a mass formula which comprehensively explained the masses of the K, Y particles and the 3-3 resonant state, and which also predicted some new composite particles. Sakata was pleased by Matumoto's work 20 > and encouraged him to write his Ph. D. thesis on it." 21 > It is worth recalling the circumstances at that time where the (3-3) resonance and K, Y particles were understood as being in quite different categories.
Nakagawa who entered the Sakata laboratory as aM. A. student in 1955, wrote 22 > "At the beginning of the Sakata model, four papers 23 > from our laboratory appeared in the same Progress of Theoretical Physics (Vol. 16, Dec. 1956 ), which contained the Sakata's original paper. After these papers, however, to my memory, there were almost no papers published on the Sakata model from our laboratory until the end of 1950's, when the full-symmetry 24 > was proposed. In this note, I prevailed recollect our laboratory at this time when a more or less depressed air covered and we were seeking for confirmation of the Sakata model with no confidence. Sakata, however, seemed to have firm confidence in his model, and continuously encouraged us. He had on many occasions disclosed his opinion of the status of the model and his appreciations of works of group members." § 4. Sakata's model and unitary symmetry
In the following I would like to introduce my personal contact with the Sakata model and the advocacy of U(3) symmetry. Before touching upon it, I shall begin with some prologue.
Around the beginning of 1953 my interest was concentrated on the universality of weak interactions, as the information on the decay modes of strange particles was gradually accumulated. The universality of Boson-Fermion interactions of the form r~=r,.. or rsr,.. Diracmatrix came to our notice, and the idea was published in collaboration with Oneda and others. 25 > I also found that the coupling strengths of weak decay processes all lay around the dimensionless value 10-7 in units of h, c and the length ro=10-13 cm, 26 > irrespective of the varieties of its coupling types. This work became my Ph. D. thesis.
Just before moving to Hiroshima, I asked myself if the weak decay processes could all be described solely by the universal weak Fermi interaction modified by the universal strong interaction which is subjected to the Nakano-Nishijima-Gell-Mann rule. But the obstacle at the time was that the P-decay of the nucleus needed scalar and tensor types of weak Fermi interaction. This made it difficult to reconcile the nuclear P-decay with the universal Boson-Fermion interaction. After being settled in Hiroshima, my central concern was still with the weak interaction, especially with its selection rule or systematization, for instance, the prohibition of f.J.-+ p~ e-+ p, f.J.-~3e, etc., or how to introduce the isotopic spin into f.J., e, 11. In October of 1955 when the Annual Meeting of the Physical Society of Japan was held in Tokyo, I met Sakata, and he told me his idea of the composite model of hadrons at a tea shop. I do not remember that I received a strong impression about his idea. I think, it may be because I had a strong feeling that the weak decay interaction was primarily due to the weak Fermi interaction and that at least one heavy particle having strangeness should exist for the weak decay of a strange particle, in spite of the difficulty in the interpretation as mentioned above. So, Sakata's proposal was rather natural for me. The heading "Sakata model" is found in my notebook of date Nov. 18, 1955. A research meeting in the Research Institute for Fundamental Physics organized by Sakata in December of this year was very exciting for me. During this meeting I got two ideas which were to orient my research. One was the analysis of Kz. for the verification of the assumption of primary Fermi interaction, which was activated by an experimental report on several examples of decay K±~ t±+? 0 's. But the work included too many parameters to be conclusive and so it was applied to determine the type of Fermi interaction and published by Furuichi and others,21l according to my suggestion.
The other is the introduction of an intermediate weak Boson, to mediate the weak Fermi interaction. In the practical effects there was little difference between Fermi interaction and the weak Boson. But I should like to refer to it as an example of the methodological influence received from Sakata. He later frequently touched upon the "logic of matter" versus the "logic of form", 28 > and such a tendency of thinking was already emphasized in early times by him and seems to have been conveyed to me unconsciously. My point was as follows; the universality of electromagnetic interaction is just due to the existence of a sole matter-electromagnetic field. Then, is not the universality of weak Fermi interaction due to the existence of a certain kind of field? Of course the weak Boson did not solve the difficulty of S-T type of .8-decay and the real practice was not transparent. But I was optimistic and published this idea. 29 > In the following period I was mainly engaged in the determination of the type of Fermi interaction, but the experimental data on Kea seemed to indicate still the necessity of scalar and tensor type! 30 > No substantial progress was achieved in 1957. In that year I had the unforgettable experience of visiting the People's Republic of China with the delegation of the JSC headed by Tomonaga. The event was due to an invitation from Academia Sinica addressed to Yukawa and other Japanese scholars, brought by Sakata who visited Beijing without the approval of the Japanese Government. This was after attending the general meeting of the World Council of Peace in 1956. Sakata was very eager to improve the abnormal relation between Japan and China in scientific intercourse and in other fields at that time. Now, in my notebook of date Feb. 22 1958 I picked up four interactions; gravitational, electromagnetic, weak and strong interactions in view of universality and wrote as the expression of equivalence of N, P and A the following interaction,
In those days, the date of which I am not sure, Yukawa frequently raised a question "how is the proton different from the neutron?". I could not understand the real intention of Yukawa's question but the question could be extended to "how is the A-particle different from the nucleon?" or to "what is the strangeness which descriminates A from the nucleon? In the strong interaction is there any difference between them other than the mass difference?".
During the summer vacation I put in order the idea in a short letter with a title "A Possible Symmetry in Sakata's Composite Model" and sent it to the editor of Progress of Theoretical Physics, which was received on date September 25, 1958 . I should like to make a remark that the SU(3) octet meson was already proposed in this letter, 31 > although I had no information about the mathematical structure of this proposed symmetry. I consulted Ohnuki for the mathematical clarification, sending a copy of the letter to him. The first correspondence from him, of what now remains, was dated November 29, 1958 , and he informed me that the proposed symmetry could be dealt with in a unitary group of dimension 3, confirming again that there does exist an octet meson configuration and the mass of eighth meson (now 7)-meson) is equal to those of the other seven mesons (.7r±, .7r 0 , K, K 0 , K 0 ) in the symmetrical limit. He also noted that the apparently more general expression of U(3) invariant interaction in my letter can be reduced to the simple one (A) by the use of Fierz's formula. I think, I also consulted with Ikeda but the date is obscure. Ikeda was a mathematician who was at the Institute of Theoretical Physics, Hiroshima University in Takehara at that time, and was responsible for the mathematical framework of the theory, especially for constructing orthogonal vectors in the irreducible representation space of U(3). Meanwhile my concern was mainly with the lJJ=1/2 rule of weak non-leptonic decay, which I aimed to derive from the invariance of weak interaction for the exchange of neutron and lambda. But this attempt failed and I was so discouraged that the symmetry was put aside for a while.
But in late spring of 1959 another stimulus came to me from abroad. I sent a copy of my published letter to Yamaguchi who was at CERN together with a bunch of reprints to answer his question on our calculation of hyperon ,8-decay. 32 l He informed me, in response to my letter, that he was proceeding with a study at CERN along the same line of thinking of the Sakata model and that he would get ahead of me. I was flurried and immediately invited Ohnuki and Ikeda to Hiroshima and passed restless days until the first paper of I. 0. 0. 33 > was sent to the editor of Prog. Theor. Phys. who received it on the date of July 28.
Around this period, an important work was also published by Y. Fujii, who introduced a neutral vector field which mediates the strong interaction of P, N and A in a U(3) invariant way. 34 > But strangely I did not notice Fujii's work at that time. During the hot summer in Hiroshima, Sawada and Y onezawa 35 l revised the mass formula of Matumoto 36 > by basing it on the U(3) symmetry and predicted many mass levels of hadrons which were in striking accord with those of resonant states, especially, the 2nd and 3rd resonances of the Jr-nucleon system, the information about which unexpectedly came to us just at that time.
As to Sakata's concern with U(3) symmetry, I should go back a little in date. In May of 1959 there was a research meeting at Nagoya University, where I made a report on the work of our group in Hiroshima. I have just a faint memory of the meeting, but there remains a record of this meeting summarized by Maki. 37 > I talked about the difficulty of understanding the energy spectrum of the electron in Ke3 on the basis of the V-A type of Fermi interaction. I seemed also to have told of the existence of Jro (which is now called as 1}-meson) from the U(3) symmetry. This is because the record tells us that Sakata suggested that the above difficulty could be solved if the decay K---+ e + 1.1 + Jr 0 is accompanied by K---+ e + 1.1 + Jro. *> Returning to Hiroshima I conveyed the idea to Sawada andY onezawa, who immediately resoponded.38> In addition I told them that Sakata had greatly appreciated the Matumoto formula, which became the basis of their subsequent work mentioned above. Sakata's talk in the record did not touch upon the U(3) symmetry, but I think, he introduced me to the work of Klein, 39 > to which Sakata frequently referred thereafter.
attended. I reported the collaboration work with Ikeda and Ohnuki, and also introduced Sawada-Yonezawa's mass formula whose correspondence with the newly obtained experimental data about resonances of hadrons was astonishing, though now seen as partly accidental.
Then his interest seemed to turn toward the unified understanding of the strong and the weak interaction in terms of the structure of matter. He proposed with Maki, Nakagawa and Ohnuki the so-called Nagoya Model, 40 > in which the proton, neutron and the lambda are assumed to consist of B-matter and v, e, and f.1. attached, respectively. The baryon-lepton parallelism in the weak interaction is due to Marshak and others 41 > and the Nagoya model may be said to base the parallelism on the "logic of matter", that is, the weak interaction is ascribed to the lepton, while the strong interaction originates from B-matter. In 1962, when two neutrinos were found, e.g., electron neutrino and muon-neutrino, the model was revised so as to comply with the four leptons and the fourth fundamental baryon p' was introduced. 42 > I think, this is the first proposal of the charm degree of freedom, but of course, on the level of the Sakata model. As is intrinsic to its model, the proposal preceded Cabibbo's by one year about the universality of weak interaction, 43 > and also noticed at first the possible oscillation of neutrino between flavours. Those details will be best heard from Maki, Nakagawa and Ohnuki.
What I should like to point out finally, is Sakata's concluding remark which he made at a research meeting in Hiroshima in March, 1963 when it was fairly convincing that the baryons form the octet in the SU(3) frame work. He said: 44 > "In the background of the composite model which I advocated, there lies an idea which expects the existence of inexhaustible level structure of matter. If G-N's (Gell-Mann-Ne'eman) theory is found experimentally to be better than the I.O.O. theory, we must accept first the eight baryons to belong to the same level, and proceed to assume the existence of urproton, urneutron and ur-A-hyperon behind them--this is what I proposed. The viewpoint that there must underlie inevitably a logic of matter beneath the symmetry, is characteristic to the methodology implied by my proposal of the composite model."
I would also like to point out that the remark preceded the proposal of the quark 45 > by about one year and was also followed by Maki's introduction of the quartet scheme. 46 > at Princeton University on November 20, 2016 http://ptps.oxfordjournals.org/ Downloaded from
